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The Tet1-mediated RNA oxidation assay was conducted with the use of the 5mC Tet1 Oxidation Kit (Wisegene, IL, USA), where a 12.5-μL reaction mixture contained 200 pmol of 5-mrCbearing single-stranded RNA, 5'-UUUCAGCUC(5-mrC)GGUCACGCUC-3', the catalytic domain of mouse Tet1 (with amino acids 1367 to 2039) and reagents 1 and 2 included with the kit. The reaction was incubated at 37°C for 30 min and the enzyme was removed immediately afterwards by chloroform extraction. The reaction mixture was subsequently digested with nuclease P1 at 37°C for 4 hrs and then with alkaline phosphatase at 37°C for 2 hrs. The resulting ribonucleoside mixture was then subjected to HPLC analysis to determine the extent of conversion 5-mrC to 5-hmrC, and the HPLC conditions were described below in the HPLC enrichment section.
Tet1-mediated reactions were also performed using a 11mer 5-mrC-containing RNA, AGCUC(5-mC)GGUCA, and the reaction mixtures were analyzed directly by LC-MS and MS/MS to identify the reaction products and to quantify the levels of conversions of 5-mrC to 5-hmrC and 5-forC. To this end, 10 pmol of RNA was incubated with 0.125 µL of mTet1 protein, along with reagents 1 and 2 included with the kit in a total volume of 10 µL, at 37°C for the indicated periods of time. The reaction mixtures were immediately frozen on dry ince, and the enzyme in the mixture was subsequently removed using chloroform extraction. The volume of the aqueous layer was reduced by using a speed-vac, and the remaining aqueous solution was subjected directly to LC-MS analysis on an LTQ linear ion trap mass spectrometer (Thermo Fisher Scientific), where MS/MS and the higher-resolution "ultra-zoom-scan" MS were acquired for the [M -3H] 3-ions of the starting 11mer RNA as well as the corresponding RNA with the 5-mrC being oxidized to 5-hmrC, 5-forC, or 5-carC ( Figure 2 and Figures S2-S3 ). The intensities of the monoisotopic peak and the +1 isotopic peak were employed for calculating the pecentages 5-mrC, 5-hmrC, and 5-forC in the reaction mixtures (5-carC-containing RNA was not detectable under the reaction conditions used). In this regard, the molecular weight of 5-hmrC and 5-forC differ by only 2 Da; thus, the +2 and +3 isotopic peaks of the 5-forC-bearing RNA overlap respectively with the monoisotopic and +1 isotopic peaks of the 5-hmrC-containing RNA. Therefore, we subtracted the intensities of +2 and +3 isotopic peaks of the 5-forC-harboring RNA from the intensities of the monoisotopic and +1 isotopic peaks of the 5-hmrC-containing RNA, considering that the relative abundances of the monoisotopic, +1, +2, and +3 isotopic peaks of the [M -3H] 3-ion of the 5-forC-carrying RNA (with elemental composition of C 107 H 135 N 41 O 65 P 10 ) follow the ratios of 73.9:100:76.8:42.9.
Similar reactions were performed for a single 5-mC-containing duplex DNA with the same sequence context, i.e., d(AGCTC(5-mC)GGTCA)/d(GTGACCGGAGCTG) under identical reaction conditions, and the levels of the conversions of 5-mdC to 5-hmdC, 5-fodC and 5-cadC were determined by LC-MS using similar procedures as described above for the single-stranded RNA.
Cell culture, transfection and RNA extraction HEK293T cells were cultured in Dulbecco's Modified Eagle Medium (ATCC). HeLa and WM-266-4 cells were cultured in Eagle's Minimum Essential Medium (ATCC). All cells were incubated at 37°C in 5% CO 2 atmosphere. The culture medium was supplemented with 10% fetal S3 bovine serum and 100 IU/mL penicillin. The HEK293T cells were seeded in 6-well plates at 50-60% confluence level and, 24 hrs later, the cells were transfected with 1.5 μg plasmid for overexpressing the full-length (FL) or catalytic domain (CD), or the corresponding catalytically inactive mutants (FL-m and CD-m), of the three Tet family enzymes, except that 3.0 μg plasmids were employed for full-length Tet2 and its catalytically inactive mutant, using Lipofectamine 2000 (Invitrogen) . Control experiments were also conducted by transfecting cells with 1.5 μg pGEM-T Easy plasmid (Pormega). The cells were harvested for RNA extraction 48 hrs after plasmid transfection. Total RNA was isolated from mammalian cells and tissues using TRI Reagent ® according to the manufacturer's recommended procedures. The RNA pellet was dissolved in RNase-free water and its concentration measured by UV absorbance at 260 nm.
DNA was also isolated from the same cells and the levels of 5-hmdC in the DNA samples were measured using LC-MS/MS/MS, as described previously 4 .
Enzymatic digestion of total RNA
One unit of nuclease P1, 0.00125 unit of phosphodiesterase 2, 2.5 nmol of EHNA and a 20-μL solution containing 300 mM sodium acetate (pH 5.6) and 10 mM zinc chloride were added to 10 μg of RNA, where EHNA was added to minimize the deamination of adenosine. The above digestion was continued at 37°C for 4 hrs. To the digestion mixture were then added 1 unit of alkaline phosphatase, 0.0025 unit of phosphodiesterase 1, and 40 μL of 0.5 M Tris-HCl buffer (pH 8.9). The digestion mixture was incubated at 37°C for 2 hrs. To the mixture was then added 200 fmol of [1, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] N 2 ]5-hmrC. The enzymes in the digestion mixture were subsequently removed by chloroform extraction. The resulting aqueous layer was dried, reconstituted in doubly distilled water, and subjected to off-line HPLC separation for the enrichment of the 5-hmrC.
HPLC enrichment
HPLC analysis was performed on a Beckman HPLC system with pump module 125 and a UV detector (module 126). A 4.6×250 mm Alltima HP C18 column (5 μm in particle size, Grace Davison, Deerfield, IL) was used. A solution of 10 mM ammonium formate (solution A) and methanol (solution B) were used as mobile phases, and the flow rate was 0.7 mL/min. A gradient of 42 min 0-0.5% B and 27 min 0.5-8% B was employed. A typical HPLC trace is depicted in Figure S6 of the Supporting Information. A minor DNA contamination (less than 5% for most RNA samples) was often observed for the total RNA isolated from mammalian cells and tissues based on the chromatograms obtained during the HPLC enrichment. Correction for DNA contamination was made for each RNA sample according to the peak areas of the 2'-deoxynucleosides relative to those of ribonucleosides. The HPLC fractions eluting at 12.5-16 min were pooled for 5-hmrC. The collected fractions were dried in the Speed-vac, redissolved in H 2 O, and injected for LC-MS/MS/MS analysis.
Under the above HPLC conditions, we were able to resolve 5-mrC from all other ribonucleosides, which also allowed for the determination of the level of 5-mrC, in tissue and cellular RNA, based on the peak areas of mrC and rC as well as the extinction coefficients of these two nucleosides at 260 nm.
LC-MS/MS/MS Analysis of 5-hmrC
A 0.5 mm × 250 mm Zorbax SB-C18 column (particle size, 5 μm, Agilent) was used for the separation of the above-enriched 5-hmrC fraction, and the flow rate was 8.0 μL/min, which was delivered by using an Agilent 1100 capillary HPLC pump (Agilent Technologies). A solution of 0.1% (v/v) formic acid in water (solution A) and a solution of 0.1% (v/v) formic acid in methanol (solution B) were used as mobile phases, and a 30-min linear gradient of 0-70% B was employed. The effluent from the LC column was directed to an LTQ linear ion-trap mass spectrometer, which was set up for monitoring the fragmentation of the labeled and unlabeled 5-hmrC in the positive-ion mode. The temperature for the ion transport tube was maintained at 275 °C, the sheath gas flow rate was 15 arbitrary units, and no auxiliary gas was used. The electrospray, capillary, and tube lens voltages were 5 kV, 16 V, and 60 V, respectively; each MS 3 scan was composed of three microscans, and the maximum time for each microscan was 250 ms. The normalized collision energies were 42% and 27% in MS/MS and MS/MS/MS, respectively, and activation Q was 0.25 in both MS/MS and MS/MS/MS.
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